Metabolic interfaces between growth and reproduction. III. Central mechanisms controlling pulsatile luteinizing hormone secretion in the nutritionally growth-limited female lamb.
Growth retardation induced by dietary restriction in the lamb results in a low frequency of episodic LH secretion and, thus, delayed puberty. Such lambs respond normally to physiological doses of GnRH, indicating that the pituitary gland can function adequately during diet-induced hypogonadotropism. The current studies investigated central mechanisms underlying diet-induced hypogonadotropism. The first aim was to determine whether the hypothalamic GnRH secretory system is capable of normal function. The initial approach was to compare hypothalamic GnRH content between lambs on a restricted diet with low LH pulse frequency (less than 1 pulse/4 h; n = 5) and lambs on an ad libitum diet with high LH pulse frequency (4.5 +/- 0.4 pulses/4 h; n = 5). RIA of extracts of preoptic area and mediobasal hypothalamus/median eminence tissue blocks revealed no differences in GnRH content between lambs on a restricted diet and those on an ad libitum diet. The second approach was to determine if LH secretion could be induced by chemical stimulation of neuronal function with N-methyl-D,L-aspartate (NMA), an excitatory amino acid agonist. Initially, a single iv bolus of NMA was given to hypogonadotropic lambs on a restricted diet. There was a dose-dependent immediate rise in serum LH concentrations. All lambs responded to the highest dose (5.0 mg/kg BW; n = 6), and four of five lambs responded to the intermediate dose (1.0 mg/kg). No lambs responded to the lowest dose (0.2 ng/kg), despite a normal response to GnRH (2.5 ng/kg BW, iv). In a second experiment, hypogonadotropic lambs on a restricted diet were treated with repeated injections of NMA (5 mg/kg BW, iv) at either hourly intervals (n = 6) or every 3 h (n = 6). Each NMA injection induced a LH pulse in both treatment regimens over the entire 7-h experimental period. Thus, the nutritionally growth-limited lamb is capable of sustained production of LH pulses, which, we presume, reflect GnRH secretion. The second aim was to test the hypothesis that endogenous opioid mechanisms inhibit LH secretion during nutritionally induced hypogonadotropism, because opioid pathways are a poor inhibitory regulator of LH secretion in the normally developing sheep, even in the absence of ovarian steroids. We were unable to detect any effects of the opiate antagonist naloxone on LH secretion in the nutritionally growth-limited lamb. We conclude that central mechanisms controlling the release, rather than synthesis, of GnRH are limiting LH secretion when sexual maturation is delayed by growth retardation. Moreover, opioid inhibition is not the primary reason for hypogonadotropism during dietary restriction.